Penetratin and related cell-penetrating cationic peptides can translocate across lipid bilayers in the presence of a transbilayer potential.
Fluorescent-labeled derivatives of the Antennapedia-derived cell-penetating peptide penetratin, and of the simpler but similarly charged peptides R(6)GC-NH(2) and K(6)GC-NH(2), are shown to be able to translocate into large unilamellar lipid vesicles in the presence of a transbilayer potential (inside negative). Vesicles with diverse lipid compositions, and combining physiological proportions of neutral and anionic lipids, are able to support substantial potential-dependent uptake of all three cationic peptides. The efficiency of peptide uptake under these conditions is strongly modulated by the vesicle lipid composition, in a manner that suggests that more than one mechanism of peptide uptake may operate in different systems. Remarkably, peptide uptake is accompanied by only minor perturbations of the overall barrier function of the lipid bilayer, as assessed by assays of vesicle leakiness under the same conditions. Fluorescence microscopy of living CV-1 and HeLa cells incubated with the labeled peptides shows that the peptides accumulate in peripheral vesicular structures at early times of incubation, consistent with an initial endosomal localization as recently reported, but gradually accumulate in the cytoplasm and nucleus during more extended incubations (several hours). Our findings indicate that these relatively hydrophilic, polybasic cell-penetrating peptides can translocate through lipid bilayers by a potential- and composition-dependent pathway that causes only minimal perturbation to the overall integrity and barrier function of the bilayer.